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Abstract: Nanocrystalline of titanium dioxide nano films were deposited by spin coating method on silicon and
ITO-glass substrates at 2000 rpm, in which starting material of Titanium Isopropoxide (C 12H28O4Ti).X-ray
diffraction (XRD) patterns confirmed thatpolycrystalline TiO2 anatase phase formation. The intensity of XRD
peaks increases with the increase in heat treatment and better crystallinity takes place at higher temperature.
The morphology of deposited films were characterized by atomic force microscope (AFM); with increasing heat
treatment, both the particle size and surface roughness increased .The particle size value were
2.184,2.374,4.834,5.125, and 8.336 nm and RMS roughness values were 0.161, 0.223,0.552,0.810 and 1.494 nm
for films deposited at 250, 350, 450, 550 and 650 oC respectively. Optical properties measurements
(Transmittance ,T , and Absorptance , A ,) of (TiO2) films showed high transparency. It is observed that
maximum transmittance at 250 oC for wavelength range 320-900 nm. The optical band gap of the films has been
found to be in the range 3.28-3.62 eV for the forbidden direct electronic transition and 3.45-3.75 eV for the
allowed direct transition for the different heat treatment.
Keywords - Nanoanatase TiO2, Sol-Gel, XRD,AFM,Transmittance, Absorptance
I.

INTRODUCTION

Titanium dioxide (TiO2) has attracted considerable attention for its potential applications in optical
components including solar cell, photocatalysis , chemical sensors , and optical filters[1-5] . The material can
be formulated as thin films by using a variety of techniques such as pulsed laser deposition (PLD)[6-8],
chemical vapour deposition [9,10], and sol-gel coating [11,12].TiO2has three main crystal phases (antatase,
rutile, and brookite ). Among these phases, anatasephase , which is a meta-stable phase, is also chemically and
optically active and suitable for photocatalyst [13]. In dye-sensitized solar cells, photo-electrodes prepared using
anatase phase TiO2 gives better solar cell efficiency compared to the other crystal structures. Optical properties
of TiO2 include a wide band gap, high transparency in the visible spectrum and a high refractive index over a
wide spectral range (from ultraviolet (UV) to the far infrared (IR)). Nanocrystalline titania (TiO 2) is also a
promising semiconductor for applications based on its photoconductivity. The reported optical gap of TiO2 is in
the range of 3-3.7 eV corresponding to the ultraviolet region of the solar spectrum [14].
In the present study, we report on the synthesis and characterization of nanocrystalline TiO 2 and
influences of heat treatment on structural and electronic transition of nanocrystalline titanium dioxide films
prepared by sol-gel spin coating. One of the most important techniques is spectroscopic ellipsometry, which has
been found favourably for non-destructive, characterization of thin solid films and bulk materials, especially
semiconductors. This technique is of high sensitivity, high accuracy, of being able to easily in situ measure both
optical constant and thickness simultaneously [15]. The effect of heat treatment temperatures on the particle size
of the nanoanatase TiO2 film was investigated. We found that particle size could be controlled by the heat
treatment temperatures in pure nanoanatase thin films.

II.

EXPERIMENTAL

Nanocrystalline like structured TiO2 films have been prepared by sol-gel spin coating method using a
standard photoresist spinner (Model 4000 Electronic Micro System). the gel was spin coated on Si and a cleaned
ITO-glass substrates at 2000 rpm for nano films of (TiO2) prepared from Titanium Isopropoxide (TIP) of
chemical construction (C12H28O4Ti) of purity (99.99%), also from (Acetic Acid) (CH3COOH) of purity (99.5%),
and also from (Ethanol) (C2H5OH) with purity of (99.7%). These materials were prepared of (Aldrich Chemicals
Company). These films have been characterized by XRD, and Spectroscopic ellipsometry were investigated on
TiO2 films spin coated onto silicon substrates using a Woolam M-2000V that rotated compensator spectroscopic
ellipsometry in the wavelength of range from 370-1000 nm. The fixed degree of the angle of incidence was
70º.The thickness of the TiO2 film was found to be approximately 70 nm. The surface morphology was
examined by atomic force microscopy (AFM-Digital Instruments Nano Scope). The optical absorptance and
transmittance measurements were made on TiO2 nano films by UV-Vis spectrophotometer at a normal incident
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of light in the wavelength range of 320-900 nm. After coating, the sol-coated glass substrate was immediately
placed in a preheated oven. A furnace type, (CAUTION) was used in this work which has a temperature range
of (25-1000 ºC).

III.

RESULT AND DISCUSSION

X-ray diffraction patterns of the TiO2 nano films have been shown in Fig. 1 to Fig. 5 for different heat
treatment temperature 250, 350, 450, 550, and 650 oC. It is obvious that the film is polycrystalline.

Fig.1: XRD patterns of TiO2 films grown on ITO- glass substrates at heat treatment temperature 250°C.

Fig. 2: XRD patterns of TiO2 films grown on ITO- glass substrates at heat treatment temperature 350°C

Fig. 3: XRD patterns of TiO2 films grown on ITO- glass substrates at heat treatment temperature 450°C.
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Fig. 4: XRD patterns of TiO2 films grown on ITO- glass substrates at heat treatment temperature 550°C.

Fig. 5: XRD patterns of TiO2 films grown on ITO- glass substrates at heat treatment temperature 650°C.
The structure of TiO2 in XRD investigation is anatase titanium dioxide, which agrees with (ASTM data 01-0711166) card. The intensity of XRD peaks increases as the heat treatment temperature increased and better
crystallinity takes place at higher temperature (650 oC). Also the rutile and brookite forms of TiO2 have not been
observed during the investigation. The average crystallite size D 101 of films was found to be 31.9 - 43.7 nm and
the average crystallite size D004 of films was found to be 26.9 - 38.6 nm from the angular line width β at half
maximum intensity and the diffracted angle Ɵ employing Scherrer relation [16-17]:

Dhkl 

094
 cos 

(1)

where λ=0.154 nm is the wavelength of incident x-ray. The observed XRD data peaks along with interplanar
distance , d , and Miller indices ( hkl ) are summarized in Table 1. Average values of the lattice parameters a
and c are determined from the following relation which estimated to be 3.6 and 9.5
substitution of interplanar distances in Table 1 into equation:

A  respectively from

1 h2  k 2 2

 2
d2
a2
c

(2)


It can be seen that the values are very close to the standard values of 3.7 and 9.5 A [18].
Fig. 6 to Fig. 10 show AFM images of the pure nanoanataseTiO 2 films heated at different temperatures
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Table 1: XRD data for the nanoanataseTiO2 films.
Temperature
o
C

250
350
450
550
650

Angle (2Ө)
degree
Observed
26.3736
37.5734
26.6382
37.9201
26.5160
37.7422
26.9355
38.1133
26.8474
38.0997

Angle (2Ө)
degree
Standard
25.308
37.791
25.308
37.791
25.308
37.791
25.308
37.791
25.308
37.791

d values
(Å)
Observed
3.3794
2.3758
3.3464
2.3778
3.3616
2.3758
3.3101
2.3758
3.3208
2.3745

d values
(Å)
Standard
3.5162
2.3786
3.5162
2.3786
3.5162
2.3786
3.5162
2.3786
3.5162
2.3786

Miller
indices
(hkl)
(101)
(004)
(101)
(004)
(101)
(004)
(101)
(004)
(101)
(004)

FWHM
degree

Dh k l
nm

0.2670
0.3247
0.2620
0.1948
0.2373
0.1948
0.2273
0.2598
0.1948
0.2273

31.9
26.9
32.5
45.0
35.9
45.0
37.5
33.7
43.7
38.6

Fig. 6: Two and three-dimensional AFM images of TiO2 films at heat treatment temperature 250°C.

Fig. 7: Two and three-dimensional AFM images of TiO2 films at heat treatment temperature 350°C.

Fig. 8: Two and three-dimensional AFM images of TiO2 films at heat treatment temperature 450°C.
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Fig. 9: Two and three-dimensional AFM images of TiO2 films at heat treatment temperature 550°C.

Fig. 10: Two and three-dimensional AFM images of TiO2 films at heat treatment temperature 650°C
We observed that the particle size increased with the increasing heat treatment temperature, which was
supported by the XRD results. The RMS surface roughness of the nanoanatase TiO2 films was determined to be
(0.161, 0.223, 0.552, 0.810 and 1.494 nm) and the particles size are found to be (2.184, 2.378, 4.534, 5.125 and
8.336 nm) for the 250, 350, 450, 550 and 650 oC heat treatment temperature values respectively. The results
were summarized at Table 2.
Absorption spectra of pure nanoanatase TiO2 films were analysed using a UV-Vis spectrophotometer, as shown
in Fig. 11.
Table 2: AFM data for the nanoanatase TiO2 films.
Temperature (o C)
RMS (nm)
Particle size (nm)
250
0.161
2.184
350
450
550
650

0.223
0.552
0.810
1.494

2.378
4.534
5.125
8.336

Fig. 11: Absorption spectra of TiO2 films with different heat treatment heat treatment.
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When the heat treatment temperature of the films increased, the absorption is also increased. The transmission
value of the film was also investigated in the wavelength range of 320-900 nm, as shown in Fig. 12 using the
UV-Vis spectrophotometer.

Fig. 12: Transmission spectra of TiO2 films with different heat treatment heat treatment.
It can be seen that the transmittance of the film decreased when the heat treatment temperature of the
nanoanatase TiO2 film was increased.
The band gap energy calculated by Spectrophotometric data using following equation [19].

hv  B(hv  E g ) n
where



(3)

is the absorption coefficient, hv is the photon energy in eV , E g is the band gap energy in eV , B

is constant depended on type of material, n  1 / 2 for the allowed direct transition and n  3 / 2 for the
forbidden direct transition.

Fig. 13:(αhν)2–hν graphs of nanoanatase TiO2 films for different heat treatment temperature.
The relations are drawn between (hv) , (hv)
and photon energy hv , as shown in Fig. 13 which
illustrates allowed direct electronic transition and Fig. 14 illustrates the forbidden direct electronic transition.
2

2/3

Fig. 14: (αhν)2/3–hν graphs of nanoanatase TiO2 films for different heat treatment temperature
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The obtained band gap values are given in Table 3. This result is in good agreement with earlier studies in
which a direct optical transition was reported in the range 3.3-3.79 eV [20].
Table 3: direct energy gap for allowed and forbidden direct transition for nanoanataseTiO2 films.
Temperature
Allowed direct transition
Forbidden direct transition
(o C)
Eg(A) (eV)
Eg(F) (eV)
250
3.45
3.28
350
3.62
3.39
450
3.68
3.6
550
3.69
3.61
650
3.75
3.62
The band gap energy of TiO2 films changed with different particle size, as seen in the AFM results ,Table 2 ,
shown in Fig. 15. We observed that the particle size of pure nanoanataseTiO 2 films increased with increasing
band gap energy.

Fig. 15: Band gap energy-particle size graphs of nanoanataseTiO2 films for different heat treatment temperature.

IV.

CONCLUSION

From the present study, it can be withdrawn the following conclusions, Titanium dioxide films were
prepared through a sol-gel process. The intensity of XRD peaks increases with the increase in heat treatment
and better crystallinity takes place at higher temperature.The investigation of (XRD) indicates that the (TiO2)
film is polycrystalline type of (anatase).It was found that the particle size controlled by the heat treatment
temperature. The results indicate that an increase in the heat treatment temperature led to the increase in the
particle size of TiO2films because of the increasing crystallization. The roughness of pure nanoanatase TiO 2
films increased with increasing particle size. The optical absorptance of nanoanatase TiO2film increased with
increased heat treatment temperature, while the transmittance values of the nanoanatase TiO 2 film decreased
with increased heat treatment temperature. The optical band gap of the films has been found to be in the range
3.28-3.62 eV for the forbidden direct electronic transition and 3.45-3.75 eV for the allowed direct transition
for the different heat treatment.
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